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Abstract 
Determining utilization has been one of the most difficult 
tasks required of range scientists down through the years 
(Pieper 1973). Utilization is defined as the portion of the 
current year's growth of the plant that the animal consumes or 
destroys . For this reason it is difficult to measure 
utilization because you are trying to measure something that no 
longer exists. 
Numerous methods have been developed for determining 
utilization. Some methods are rapid while others are more 
detailed and time consuming, but may give greater accuracy. 
This study was done to see how well utilization estimates 
made by the grazed-plant method correlate with estimates made 
by the height-weight method. The correlation was made to 
determine if the height-weight method, currently being used on 
the Cedar Mountain research project, could be replaced by the 
quicker grazed-plant method. Regression analysis showed that 
the relationship between the two variables was not of 
sufficient strength to replace the height-weight method by the 
grazed-plant method. 
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Forage Utilization Estimated by 
Height-weight and Grazed-plant Methods 
Proper stocking is essential to and is the most important 
single practice influencing proper use of rangelands (Schmutz 
et al. 1963). Determination of forage utilization has been an 
important factor in determining proper stocking. Forage 
utilibzation refers to the portion of the current-year's growth 
of the plant that is removed, consumed or destroyed by man or 
grazing animals. "Utilization is usually expressed as a 
percentage of the standing crop phytomass or annual production 
that is removed from the place where it grew" (West 1980). 
According to Schmutz et al. (1963), range utilization is 
closely correlated with and has a direct short-term effect on 
range trend, a long-term effect on range condition, and both a 
short- and long-term effect on range productivity. Other 
factors influenced by range use are soil erosion; water yield 
and runoff; vigor and reproduction of important forage, timber 
and weed species; litter accumulation; and recreation and 
wildlife values. 
Humphrey (1949) stated that forage utilization surveys 
should be an essential part of maintaining an active range 
program on private livestock ranches as well as on public land 
managed by government agencies. Such surveys indicate the 
correctness of initial grazing-capacity estimates. They can 
also point out local problems of livestock maldistribution and 
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at the same time they provide an opportunity for checking on 
any details of the range-management plan that may need 
attention. 
Determining utilization has been one of the most 
perplexing problems facing range scientists down through the 
years (Pieper 1973). The major problem in determining 
utilization is the actual measurement or estimation of the 
percentage or amount of the plant that has been utilized, that 
part of the plant that no longer exists. 
Numerous methods have been developed for determining 
utilization. Each method contains certain conditions and 
objectives that make one method more suitable than another for 
certain types of studies and data gathering. Some methods are 
rapid while others are more detailed and time consuming but may 
give greater accuracy (Humphrey 1949, Smith et al. 1962). 
The selection of a method to be used for a study depends 
on the purpose of the study, the man-power available and the 
kind of vegetation that will be sampled. Not all data 
collection is done for quantitative research purposes, and 
sometimes large acreages are being studied and man-power is 
sometimes in short supply. Therefore, attempts have been made 
to develop fast, but nevertheless accurate, methods of 
estimating forage utilization; methods that would also be easy 
to perform and useful to both ranchers and research 
technicians. 
The percent-of-plants-grazed method of estimating 
utilization is one of the more rapid methods which has gathered 
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interest among range managers. This method as stated by Smith 
et al. (1962), "is based on the mathematical relationship 
between the weight of forage utilized and the percentage of 
plants grazed. Thus, percent utilization can be determined 
from regressions that relate the number of plants grazed to 
weight removed." 
Hurd and Kissinger (1953) stated that 
for a method to be useful in judging utilization on 
large units of range such as grazing allotments on 
the national forests, the methodshould be rapid, 
easy to use, understoodbythe userand give reliable 
results . Ordinarily, extreme accuracy is not a pre-
requisite for a utilization survey on a large range 
unit or allotments. Instead, a well-distributed sample 
whichwill yieldreasonably reliableresultsis pre-
ferred. 
Springfield and Peterson (1964) stated that "because the 
grazed-plant method is rapid and easy to use it could be a 
valuable tool in managing large range areas." They used it 
successfully in their research to estimate utilization of Idaho 
~E!£~!~~) and crested wheatgrass (~&!QEY!QQ desertorum). 
This study was done in conjunction with an existing 
grazing research project presently being conducted in southern 
Utah on Cedar Mountain under the direction of Dr. James Bowns. 
Forage utilization is currently being estimated as part of the 
project using the height-weight method, which estimates the 
percent of biomass removed based on the stubble height after 
grazing. This method is one of the more detailed and time-
consuming methods available to determine utilization. 
Techniques of the method are explained in the book "Range 
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Research Basic Problems and Techniques" (Subcommittee on Range 
Research Methods of the Agricultural Board, 1962). The method 
was initially selected because of the purported accuracy of the 
estimates. 
This study was conducted to determine how well ~tilization 
estimates made by the grazed-plant method correlate with 
estimates made by the height-weight method presently in use on 
the project. The correlation was done to determine if the 
height-weight method could be replaced by the quicker grazed-
plant method. Studies done by Roach (1950) and Springfield and 
Peterson (1964) were used as models for this study; similar 
methods of data collection and analysis were followed. Four 
grass species were used in the study. The four species were two 
rhizomatous grasses, Kentucky bluegrass (Poa Eratensis) and 
stream bank whe a tgras s (Agro£yron riEar i um), and two bunchgras s 
species, Letterman needlegrass (~!!E~ lettermanii) and slender 
wheatgrass (AgroEyron trachycaulum). These four grasses are 
species that commonly grow on mountain ranges in southern Utah. 
~!~~y ~!~~ 
The study area was located on Cedar Mountain in southern 
Utah. It is the site of a combined study being done by Utah 
State University and Southern Utah State College. The 
elevation of the study area averages 2500 m (8500 ft.). The 
vegetation of the area consists of stands of Gambel oak 
(_Quercus gambelii) and aspen (f£E~1~~ tremuloides) woodlands 
interspersed with large open areas of grassland and grass-shrub 
mixtures . The major forage species on the study area include 
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Letterman needlegrass, Kentucky bluegrass, mountain brome 
(Bromus carinatus), slender wheatgrass, mountain snowberry 
(Sym£horicarEos oreoEhilus), 
vetch (~!.£.!~ americana), 
fla_gellaris). 
yarrow (Achillea millifolium), 
and fleabane daisy (~_E_!_g~!£!! 
The study area of 1295 hectares (3200 acres) is divided 
into 18 pastures. Cattle and sheep are grazed separately and 
together for the summer months under continuous and deferred-
rotation grazing systems. 
Methods of Data Collection and Analysis 
The data used for this study are a subset of the data that 
were collected in 1985 for the grazing research project. The 
utilization portion of these data were analyzed separately for 
my study . Data were collected along four transect lines per 
pasture. The transect lines were located when the study began 
in 1979 and are located in "key" areas of each pasture. 
It is difficult for livestock to uniformly utilize range 
or pastureland of any appreciable size. There is always 
heavier use around watering holes, salt grounds and valley 
floors, and lighter use on areas far from water and salt and on 
steep slopes. Key areas are intermediate use areas of the 
pasture and are used to monitor the level of utilization in the 
whole pasture. 
Fifty plots were read along each of the four transect 
lines per pasture. A plot consisted of the plants contained 
within a 15 X 30 cm quadrat which was placed every two or three 
paces. The number and average heights of grazed and ungrazed 
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plants were recorded for each plot. Rhizomatous species were 
assessed by counting tillers instead of individual plants as in 
the case of the bunchgrass species. From these data forage 
utilization was determined by use of the height-weight method. 
The height-weight method determines utilization by· estimating 
how much weight is removed when a certain amount of height is 
removed. Height-weight tables, which indicate how much weight 
is removed at each increment of height, were developed for each 
species at the beginning of the study by taking sample plants 
and cutting them into small height increments and weighing each 
increment. 
The percent of grazed plants was determined by taking the 
number of grazed plants per plot and dividing by the total 
number of plants in the plot. Percent utilization data from 
the height-weight method and the percent-of-grazed-plants 
method were analyzed by transect by plant species and also 
grouped according to grazing treatment. The two grazing 
treatments were sheep grazing and cattle grazing. Regression 
analysis using the model y mx + b was used. Y, the 
dependent variable, was the percent utilization as determined 
by height-weight calculations and X, the independent variable, 
equalled the percent of plants grazed. The correlation 
coefficient of the regression analysis, which indicates the 
relationship between the X and Y variables, was used to reflect 
how well the estimates of utilization made by the grazed-plant 
method matched the estimates made by the height-weight method. 
F tests were run on each regression equation to test the 
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significance of each equation. At an alpha level of .05, all 
of the equations passed the F test and were significant. 
Contingency table (chi-squared) analysis was used to test 
for differences in grazing patterns of sheep and cattle on Poa 
Eratensis and Sti£a lettermanii. 
Results and Discussion 
The scatter plots shown in Figures 1,2,3 and 4 indicate 
the relationship between the two methods of determining 
utilization for each species. Grazing treatments were not 
shown separately for each species because the regression 
equations, and therefore the line of best fit, were nearly 
identical in all cases. The scatter plots show that the 
percent utilization as determined by the height-weight method 
is always less (average of 57 percent) than the percent of 
grazed plants. 
The grazed-plant method shows a decreased level of 
accuracy. For example, if actual utilization was 30 percent, 
the estimates of utilization determined by the grazed-plant 
method could range from 20 to 45 percent. If this level of 
accuracy is acceptable the method could be useful, but it 
should be kept in mind that this relationship is site and 
species specific. 
Table 1 shows the adjusted r 2 values for the four species. 
When r 2 values were computed by species only, without regard to 
grazing treatment, the values ranged from .62 to .78. When 
analyzed by grazing treatment it appears that rhizomatous 
species grazed by sheep have a higher r 2 value. However as 
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shown in Figure 1, Poa Eratensis is heavily used and generally 
shows greater-than-SO-percent utilization and more than SO 
percent of the plants were grazed. When the lowest two data 
points, which appeared to be out -1 ie rs, we re dropped from the 
data set the r 2 value for Poa Eratensis dropped to :65. This 
new r 2 value shows no significant difference between 
rhizomatous and bunchgrass species. The higher r 2 value for 
~&!£EY!£TI !!E~!!~~ could be a result of the small sample size 
for that species. 
The adjusted r2 values determined in this study are lower 
than the values found in the two model studies by Roach (1950) 
and Springfield and Peterson (1964), whi~h cited r 2 values 
of . 98 and .99. They used much larger sample sizes which could 
account for the higher r 2 values . 
According to the contingency table analysis, there was no 
significant difference (x 2 - .23; P> . OS) between the grazing 
patterns of cattle and sheep as indicated by the heights of 
grazed plants for StiEa lettermanii. However there was a 
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significant difference shown for Poa pratensis (x - 1056; 
P(.005). Figure 5 illustrates the height-class distribution of 
grazed plants for these two species. Poa E!~!~TI~!~ appears to 
be preferred and is grazed much more heavily than ~!!E.! 
lettermanii, particularly by sheep. The significant difference 
between cattle and sheep for Poa Eratensis is due to the large 
number of plants grazed by sheep in the 0-3 cm height-class and 
the almost complete lack of grazed tillers taller than 10 cm. 
The number of plants grazed by cattle is highest in the 0-3 cm 
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height-class but is also high in the 4-6 cm height-class. The 
grazing pattern for the other height classes grazed by cattle 
tapers off more gradually. When sheep graze Poa Eratensis they 
generally graze it off close to the ground, whereas cattle tend 
to leave a wider variety of stubble heights. 
The adjusted r 2 values and scatter plots of the data 
collected in this study show that there is a relationship 
between the number of plants grazed and the percent utilization 
determined by the height-weight method, but there is not a 
strong relationship. There probably is not a sufficiently 
strong relationship to, with confidence, replace the height-
weight method by the grazed-plant method when determining 
utilization for the research project. 
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Table 1. Adjusted r2 values for the height-weight and grazed-
plant method for two rhizomatous species and two 
bunchgrass species. 
ADJlSffi) R 2 
RHIZ(Jv1ATOlE BLNCI-GRASS 
PoA 
PRATENSIS 
78% 
J'iGROPYRON 
RIPARILM 
77% 
STIPA 
LEITERMAN I I 
7 0 % 
~ROPYRON 
TRACHYCAULUM 
6 2 % 
CATT!£ 78% 69% 70% 6 5 % 
SHEEP 8 5 % 9 2 % 65% 65% 
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Figure 1. Scatter plot of Poa pratensis data points. 
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Figure 2. Scatter plot of Stipa lettermanii data points. 
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Figure J. Scatter plot of Agropyron riparium data points. 
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Figure 4. Scatter plot of Agropyron trachycaulum data points. 
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Figure 5. The number of plants grazed expressed in log numbers by 
height-class for Poa pratensis and Stipa lettermanii. 
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